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neurochemical changes that initiate an excitotoxic cascade leading to changes in the physiological state of the spinal neurons. This excitotoxic cascade includes a series of cytoplasmic events that cause changes in gene expression.
Following a mechanical injury to the central nervous system (CNS), the breakdown of the blood-brain barrier results in the accumulation of hematogenous cells at the site of injury. As observed in many other tissues types, the initial infiltration of these cells in an injured CNS has been attributed to chemokines. The production of these factors in the CNS has not only been attributed to the activated lymphoid and mononuclear cells that infiltrated the CNS, but also to the resident glial cells, particularly reactive astrocytes 6, 13, 30) .
Gliosis is the most important histopathological indicator of a CNS injury, regardless of the etiology. The glial fibrillar acidic protein (GFAP), which is a distinctive cytoplasmic intermediate filaments, forms glial filaments in the astrocytes in the CNS and in some Schwann cells in the peripheral nerve. Astrocytes respond to an injury by hypertrophy and hyperplasia. Extraordinary metamorphosis can be demonstrated through a study of the immunohistochemistry for GFAP 11) . However, the mechanism and factors that initiate astrocytic proliferation and gliosis are poorly understood.
The immediate early genes such as c-fos and c-jun are signal-transducing factors of the activator protein (AP)-1 family 4, 9) . c-fos, which are the first targets of the excitotoxic cascade, is a proto-oncogene that is expressed in cells following a prolonged intense or noxious activation 2, 7, 16) . One of the earliest and most consistent indications of neuronal damage is the de novo expression of the inducible transcrip-tion factor c-jun 14) . The expression of the c-jun protein (c-Jun) is believed to be associated with the death 15, 17) and regeneration of neurons 23, 24, 33, 34) .
The capacity of the CNS for axonal growth decreases with the age of the animal at the time of injury 28) . However, mechanism of the changes in the SCI according to age is well established. The aim of this study was to compare the behavioral and immunohistochemical changes in a SCI between young (5 week-old) and adult (16 week-old) rats and clarify the differences in the underlying mechanism of the changes in the SCI between young and adult rats.
MATERIALS AND METHODS

Animal model
A total of 25 young (5 weeks old) and 25 adult (16 weeks old) male Sprague-Dawley rats were used in this study. The adults, weighing 260 gm and the young, weighing 100 gm on average, were kept under standardized conditions ( 5 mice/ cage, 20-24℃, 45-65% humidity, 12 hours daily lighting time) and given food and water (solid food and unrestricted water intake).
Operation technique
The rats (20 young and 20 adult rats) were anesthetized with pentobarbital (50 mg/kg, i.p.) and laminectomies were carried put at the level of the 11th and 12th thoracic vertebra, which is at the L5 spinal cord level ( Fig. 1 ). Using a New York University (NYU) Impactor, a SCI was induced by dropping a 10 gm weight at a height of 20 mm (Fig. 2) . The rod of the Impactor has a 3 mm diameter smooth circular surface. After the injury, the muscles and skin were closed in layers, and the rats were placed in a temperature (20-24 ℃) and humidity (45-65%)-controlled chamber overnight. The rats were given antibiotics (cefetezol, i.m.) for three days after the injury and the bladders were emptied manually twice a day in order to prevent urinary retention and a urinary tract infection. The animals that received no surgery were used as the normal controls (5 young and 5 adult rats).
Behavior test
Behavioral tests of the rats subjected to the spinal cord injury were performed using Basso-Beatti-Bresnahan (BBB) scoring. The BBB score for the evaluation of the hind limb function after the SCI ranges from 0 to 21 7, 8) . Testing was carried out 1 and 7 days after the injury.
Tissue preparation for histology and immunohistochemistry for c-Jun and GFAP
The animals were subjected to pentothal sodium anesthesia (50 mg/kg, i.p.), 1 and 7 days after the spinal cord injury (10 young and 10 adult rats, respectively). Subsequently, the rats underwent transcardiac perfusion fixation with saline followed by 4% phosphated-buffered paraformaldehyde. For a histological evaluation, a 20 mm cord segment centered at the injury site was removed from the vertebral canal and postfixed in 4% paraformaldehyde overnight at 4℃. Each cord was then dehydrated in a graded series of ethanol, cleared in xylene, embedded in paraffin, and coronal sections (5 m) were cut. The deparaffinized sections were stained with hematoxylin-eosin
Immunohistochemistry for c-Jun and GFAP
Immunohistochemistry for c-Jun was carred out on, deparaffinized sections that had been immersed in 3% H2O2 for 30 min in order to inactivate the endogenous peroxidases. The sections were incubated 1 hour at room temperature (RT) in c-Jun (1:250, Santa Cruz) and GFAP Antibodies (1:250, Dako) in 0.1 M PPS, pH 7.4, containing 0.1% TritonX-100, 1.5% bovine serum albumin (BSA), and 1:200 normal goat serum (NGS), followed by incubation in 1:200 biotinylated goat anti-rabbit IgG (Vector) and 1:200 NGS in PBS. at RT for 1 hour. The immunoreactions were visualized by incubation in avidin-biotin-peroxidase complex (1:100, ABC kit, Vector) in PBS for 1 hour at RT and in 0.05% 3,3 -diamino-benzidine (DAB) and 0.01% H2O2 in 0.1 M PBS for 5-10 mm.
Data analysis
The BBB score in the young and adult rats after the SCI are expressed as the mean SEM. The difference in the BBB score between the young and adult rats were analyzed by a paired t-test with a p value ≤0.05 considered significant.
RESULTS
Behavior analysis
Open field motor testing using the BBB Locomotor Rating Scale 7, 8) showed that the young rats had a substantially improved hindlimb function compared with the adult rats ( Fig.  3 ). The adult rats showed low BBB score on the 1st (1.41.2) and 7th day (4.41.5) after the injury. The young rats showed a low BBB score (1.81.5) on day 1, but showed an improved BBB score (12.21.8) on day 7. A significant difference was noted between the two groups on the 7th day (p<0.01).
Morphological features 1) Adult rats
A SCI leads to a focal petechial hemorrhage in many areas of the gray matter and a few areas of the white matter on day 1 (Fig. 4B ). Most of the neurons in the gray matter had degenerated and the white matter showed marked vacuolar degeneration on day 1 (Fig. 4B ). An egg-shaped zone of necrosis appeared in the contused spinal cord on day 7 (Fig.  4C ). Most of the neurons disappeared and inflammatory cells infiltrated the necrotic region, and the white matter showed vacuolar degeneration on day 7 (Fig. 4C ). 
2) Young rats
A SCI leads to a focal petechial hemorrhage in few area of the gray matter on day 1 (Fig. 4E ), and a petechial hemorrhage was less severe than in the adult rats. A few neurons in the gray matter had degenerated and the white matter showed few vacuolar degeneration on day 1 (Fig. 4E ). The egg-shaped zone of necrosis did not appear in the contused spinal cord on day 7 (Fig. 4F ). A few neurons had degenerated in the gray matter, but moderate vacuolar degeneration was observed in the white matter on day 7 (Fig. 4F ).
Expression of c-Jun 1) Adult rats
c-Jun immunoreactivity was not detected in the control rats ( Fig. 5A ). However, c-Jun immunoreactivity increased prominently in the gray matter on day 1 (Fig. 5B) , and c-Jun immunoreactivity in the gray matter on day 7 was similar to that observed in the adult rats on day 1 (Fig. 5C ).
2) Young rats c-Jun immunoreactivity was not detected in the control rats (Fig. 5D ). c-Jun immunoreactivity increased markedly in the gray matter on day 1, which was similar that of the adult rats on day 1 (Fig. 5E ). However, the c-Jun immunoreactivity in the gray matter on day 7 decreased significantly compared with that of young rats on day 1 (Fig. 5F ).
Expression of GFAP 1) Adult rats
The GFAP immunoreactivity in the gray matter was similar to that of the control rats on day 1 (Fig. 6A, B ). However, on day 7, the GFAP immunoreactivity was totally absent in the necrotic region and increased markedly in the gray matter, which is a relatively intact region close to the necrotic region (Fig. 6C ).
2) Young rats
GFAP immunoreactivity in the gray matter increased slightly compared with that of the control rats ( Fig. 6D, E) . 
D E F
The GFAP immunoreactivity increased significantly in the gray matter on day 7 contrast to those of control rats and young rats on day (Fig. 6F ).
DISCUSSION
The task of designing a clinically relevant animal model of SCI is extremely difficult, This is because human injuries are multifactorial such as the mechanism of injury, a number of complex forces, and the difference in the interval between the time of the injury and treatment. Considering these variables, a variety of experimental SCI models have been developed. Among them, the weight drop method closely simulates some of the biomechanics of the human SCI and produces highly reproducible injuries. By recording the height in centimeters and the weight in grams, the magnitude of the injury could be expressed as its product in gram-centimeters (g-cm). This study used a modified NYU impactor which was made at our institute, and the SCI was induced by dropping a 10 gm weight at a height of 20 mm, the magnitude was 200 g-cm with a constant 3 mm diameter surface. It is believed that the impactor is reproducible, easy to make and economical 7, 8) . The analysis were performed using a behavioral test, as well as histological and immunological stain. Behavioral tests are necessary to clarify the difference in the nerve function between the young and adult rats. The BBB score in the present and previous studies [25] [26] [27] show that the motor function of the hind limb was impaired with a similar severity a day after th injury. the impairment of the hind limb movement had improved in the young and adult rats on day 7, but the improvement was more pronounced in the young rats. A significant difference was noted between the two groups.
A variety of morphologic changes become evident within minutes of the SCI 3) . These changes consisted of a petechial hemorrhage in the gray matter, small ruptures in the venules, an increase in the size of the extracellular spaces in the gray and white matter, and an enlarged periaxonal space. The results similar to the above-mentioned changes. According to other reports, obvious demyelination was observed in the odrsal columns as early as 21 hours after the SCI. Initially, acute cellular infiltration by polymorphonucleocytes occurs, and it is replaced by an invasion of the macrophages with- in days of the injury. By day 7, the cystic degeneration of the necrotic area became evident, particularly in the animals that received a more severe injury. In these results, many different histological findings between the young and adult rats in on day 1 and day 7 were identified. The degree of petechial hemorrhage, the degeneration of the neurons, infiltration of the inflammatory cells, and vacuolar formations were more severe in the adult rats than in the young rats. The data presented here suggest that adult rats appear to have more severe behavioral dysfunctiona of the hindlimb and neurodegeneration in the spinal cord compared with the young rats on day 7. These results suggest that factors related to neurodegeneration may be expressed dominantly in the spinal cord of adult rats after a weight-drop injury, or that factors related to neuroprotection and/or factors related to functional recovery may be expressed dominantly in the spinal cord of the young rats after a weight-drop injury. Although differences in the behavioral test were observed between the two groups, an impairment of hindlimb movement was improved in the young and adult rats on day 7, but was markedly improved in the young rats. However, the degeneration in the gray matter increased on day 7 in the adult rats compared with day 1. The degeneration in the gray matter and the white matter was not decreased on day 7 in the young rats compared with day 1. This suggests that morphological features in the spinal cord were not consistent with the functional changes in the hindlimb after a weight-drop injury. A functional recovery of the hind limb may be partly independent of the neurodegeneration in the L5 spinal cord after a L5 weight-drop injury. However, further studies will be needed.
The proto-oncogene c-Jun is believed to play a role in the control of growth and differentiation of many cell types. It was demonstrated previously that damage to the axons of peripheral motor or sensory neurons resulted within 24 hours in line with substantially increases in the levels of the c-Jun gene in the parent cell bodies. These increased levels of the c-Jun protein and messenger RNA are maintained if the damaged nerve is ligated, but return to the basal levels if the peripheral nerve is allowed to regenerate 21, 22) . The induction and phosphorylation of c-Jun may be involved in the cellular events leading to the death of neurons in vivo and this response can be modulated by the glial-cell-line-derivedneurotrophic factor 19, 20, 29) . The c-Jun expression level increased in the gray matter up to 7 days after the weight-drop injury in the adult rats and increased significantly in the gray matter on day 1 in the young rats. However, compared with the 1st day after injury, the c-Jun expression level decreased significantly in the gray matter on day 7 in the young rats. This indicates that c-Jun expression in the spinal cord may be a maker of the early neuronal damage or death after a weightdrop injury. A decrease in the c-Jun expression level in the spinal cord on day 7 might reflect the decrease in the neurodegeneration in the spinal cord after a weight-drop injury in young rats compared with that of adult rats. In contrast, an increase in the c-Jun expression level in the spinal cord on day 7 may be related to severe neurodegeneration after a weight-drop injury in adult rats. The accumulation of glial fibers is a histological landmark of an astrocyte response to injury, which is appropriately named fibrous gliosis. However, little is known about the disruption of the functional glial-neuronal interactions that can occur when the astrocytes respond to injury. An example would be the glutamate uptake system in reactive astrocytes. If the uptake is enhanced, the neurons would acquire extra protection against the toxic effect of the excitatory neurotransmitter 1, 3, 5, 10, 12, 18, 31, 32) . Alternatively, considering that the astrocyte machinery is switched to other tasks such as fibrillogenesis, the uptake system may be impaired.
GFAP expression in the gray matter increased 1 day after the weigh-drop injury in the adult rats. However, GFAP expression decreased in the necrotic region on day 7 in the adult rats. On the other hand, GFAP expression in the gray matter in the young rats increased gradually to 7 days after the injury. These results show that an increase in the GFAP expression level in the spinal cord may be closely related to the neuroprotective features in the spinal cord of young rats after a weight-drop injury.
While these results did not show a complete difference between young and adults rats and a means to control spinal cord regeneration, they do highlight areas for further study.
CONCLUSION
These results suggest that the lack of recovery from a spinal cord injury in adult rats may be related to the continuous upregulation of c-Jun expression and/or the downregu-lation of GFAP after a weight-drop injury. In contrast, the upregulation of GFAP expression and/or the downregulation of c-Jun expression in the spinal cord may be related to a partial recovery in young rats after a weight-drop injury. 
